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INTRODUCTION ' * 



Educators and psychologists have long been aware of abstraction 
as a significant dimension of human intelligence. Few definitions of 
intelligence are ever presented without acknowledging the importance of 
the role of abstraction [1, 2, 3, 4]. However, while educators and 
psychologists find agreement in the significance of abstraction in 

human intelligence, < few are in agreement on a definition of abstraction 

^ ■ ... ■ V . 

as it relates to human learning. These disparities in. the uses of the 

temi abstraction have been extensively explored and reported in the 



literature elsewhere. [1] let clearly, until researchers are capable of 
agreement an definition and terminology, little progress can be made in ' 
their fielu o| inquiry. Such is the case with abstraction; the definition 
of abstraction as found in the' literature* is varied and lacks specificity. 
In addition, many studies subsume abstraction under a different topic, 
such as discrimination learning, concept formation^ or classification/ 
categorization processes, therefore, any definition to be set forth must 
consider these basic processes as instrumental. . " 



This 'study was undertaken to construct a theoretical model of 



abstraction accountable to the variety and scope of research in this field 
and, further, to explore .the role of abstraction in human thinking. To 
this end, a hierarchical model of abstraction and a test based on this 
model were constructed, pile , dimension oh the model, the order of class- 
ification, was evaluated using mentally retarded aijd normal ability 



- 2- . . ■ - ■ -I 

... . ■ . . . - • . I . 

subjects. The evaluation consisted of a hierarchical -test constructed' 
to -ascertain whether human subjects order their world in hierarchical 
arrays and the relationship of mental abilJUty to this process. 

Since abstraction in general and hierarchical structures in 
particular have been the focus of much research and cXirricula emphasis 
iti. science education in the last decade, [5, 6, 7, 8] it is hoped that 
such a model will provide a. systema,tic theoretical framework for further 
studies in this area. 

Theory 

Abstraction is considered here as a cognitive process of 

discriminating specific attributes of the environment that can be com- 

I ' -b - _ . 

bined to form generalized representations of experience. These repre- 
sentations can be categories, sets of relations, or operations. The 



ability to form categories or to classify experience is considered to 
be the most basic of the three modes of representing experience and 
fundamental to representations which involve sets of relations and 
operations. Representations which involve the formation of sets, of 
relations (establishing logical or causal connection between attributes, 
objects or c!][.asses) are considered more complex than categorization, 
since relational statements can only be made subsequent to categorization. 
The ability to perform operations, changing one tiling into something else, 
will be defined as the most complex of the three modes of representing 



experience since before operations can be performed categories and/or 

relations must be set forth. The organization of these three modes of 

■ 1 ' 

representing experience as set forth here is not unique and is well 
supported in the literature [7,9]. <y 
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These three modes of abstraction, (1) Classification, (2) Relations i 
and (3) Operations aTC referred to* as 'orders^ of abstractions. An Order 
of abstraction is a -cognitive mode ot representing experience. The three 
^Orders to be dealt with, in this study, the Ord^r of Cfassification-, ,the 
Orcler of Relfitions, and the Order of Operations, are hierarchically arranged 
as shown in Figure 1. ' 

The first Order in the hierarchical model is the Order of Class- 
ification,"* follwed by the Ofder of Relations, with the Order of Operations 

located at the top. Within each Order of abstraction there, exist Levels 

1 ^ '■^ " ■ 

of abstractions. These levels of abstraction exist in each^Order and are 

hierarchically arranged in increasing generality and inclusiveness. In 

■* ■ 

Figure 1, Levels q-f Abstraction are depicted by horizontal lines of increasing 

s / - . ■ • 

length transiting each, Order. As one progresses up the-'hierarchy from 
level to level within eacii Order, tne power ot% abstraction .or generality 
and inclusiveness of the instances increases commensurately. - An example 
of this progression would be th^ concept "mouse" subsumed by the concept 
"rodent" subsumed by the concept "mammal." The progression from a lower 
level abstraction to a higher level abstraction, in this case mous e- rodent- ' ^ 
mamm^i, is indicative of an» increase i^ generality and inclusiveness (of 
attributes). 



Levels of abstraction. will be defined as' follows: A level is an assembly 
of things of a definite' kind, e.g, , a collec^rlon of systems characterized 
by a definite set of„pxo,perties and laws, and such that' it belongs to an 
evolutionary line, though not necessarily to a line of biological descent. 
Some of the emergent characteristics or**'nova' are the exclusive property 
of the^given level. . : . For every 'noviim' ^has presumably emerged, in 
the course of at process, from preexisting levels [9].' 




Classification 



" ' Figure 1 ' . - , 

' . f- 

The three cone-shaped structured represent the Orders of Classification,. 
Relations, and Operations, respectively." The horizontal lines designate 
the various, levels of abstraction in each Order. The levels are hierarch- 
-ic ally arranged in ord e r of Iiicj: >(gH5tn-g abstraction. Six levels are desig-. 
nated for the Order of Classification; however, it is cbnceivable more. 
exist -^beyendr-six. These six 'levels are: Level I, Attribute Jdentif ica- 
tion; Level II, Attribute Recognition; Level III, .Object Recognition; 
Level IV, Class Recognition;' Level V, Class of Classes Recognition, one 
class J Level VI, Class of Classes Recognition, two classes; 




It is usually the. case for one to infeV identity or some -othei 
categorical sjtgnificate not from a single attribute exhibited by ap^^stanc 
but from several attributes talien together [8]. Since at higl/^vels of 
abstraction, the subsump^tdve power of an instance can be ex^emely large, 
this implies an overlap, or sharing 6f attributes. To acccjun^., for the 

c ' ' W 

averlap, or sharing of attributes at any level of abstractlin, ' the term 
Degrees of Complexity is used. The Degree of Complexity Vs 
' defined as the number of shared attributes among instances witMn a level,] 
as the level of abstracCion increases, the possibility for instances~to~ 
share attributes in'* common also increases. .This increase in 
complexity derives in part from the increase in generality and number of/ 
instances contained in superordinate categories. /This is shown in Figure 1 
as ia broadening ofv^fehe cone upward and henqe a coWensu increase In' 
the length of a^ line at each level. For example: au; alligator and a . 
hippopotamus would be an example of an. instance with low complexity \ 
Although both share attributes, live in or near water, walk with four 
legs, are found in tropical areas, etc., they are clearly disti*nct 
creatures physiologically and morphologically; one is a reptile, the 
I oth^r a mammal. Another example: two prdSnitive members of the horse 
family, Eohippus and Mesohippus, share almost all of the same attributes 
with the exception of size — Mesohlppiis xo^^ ^g 1 argp-r >in^ t^rit h d 1ffer p n f= — 



foot and t ooth structure — vet thev a r p r1^^Hy^ ;^sM nrt" ^ \ ^ ^rA r' ^ -^ \ r\ r^ 

\ < a ■ . ^ 

one, Eohippus, lived 10,000 years before ' the other, ^^^Th^ Degree of 
Complexity in this example is considered high due to the sharing of 
many attributes for e^ch instance. There is a greater opportunity for 
shared attributes among instances kt higher levels' of abstrr.ctibn since* 
more attributes are subsumed by each instance within these higher levels. 



In Figure 1, as one progresses from a lower lever tio a higher 
level, the lines transiting each order increase in length. The increase 
in length is, representative of greater and greater Degrees af Complexity, 
or greater and greater: overlap or sharing of attributes. In Figure 1\ ' 
the Degi;ee of Comple'xity increases at all levels, from left to hfcght. 
As the number of shared attributes increases (increased complexity), the 
degree of discrimination required to detect the individual attributes 
within a level becomes more acute, hence explaining the | increased complexity* 

Although each Order of Abstraction demands different cognitive 
stT'ategies in constructing -representations, these Orders are not mutually exclusive* 



The three Orders* can be thought of as existing in a hierarchy as exemplified 
in Figure l.o The Order of Operations, as represented by Figure 1, can be 
thought of as. dominating, while at the same time, depending upon its two 
lower subsidiaries', i*e* , (1) the -Order of Relations -amJ--(-2;y"^he" Order" of 
Classi f ica tions . its existence* This means operations cannot be 

performed until relational statements have been set forth, and relational 

I 

statements cannot be set^ forth until units have been identified or classi- 
fied. JThus, the Order of Classification is primary to the two higher 
Orders of Relations an^ Operations. This dependency of Orders is Indicated 
in Figure 1, by lines connecting the base of each Order to its immediate 
predecessor. The spatial^ position o f each* Order, namely, Relati np-^ h-fghpr 



than Classifications, Opera^l pr^s higher than Relati ons , ig? frirMi_ij:t — 

\ . • ' 

this manner to indicate greater ''cpgnitive complexity as one prpgresses 

; • ' . . . ■ 

from Classifications to Operations. ""Each Order is represented by a 

It . ^ . 

cone, containing a series of levels. The shape of a cone is such that 
at the top, broad generalized concepts are represented which sub^sume less 
inclusive 'concepts as one- progresses toward the b^se. Taken together. 
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these three Orders are fundamental to »a body^f knowledge - since they 
represent various cognitive strategies used to represent particular 
experiences with either immediate sense data or the symbolic r^epresentations , 

which make up a* body of knowledge, . ^ ., 

. ■ ■" ■ ■ • .. "■■••■.^ • 

The Orlef of Classification 

I The hierarchy begins with the Ordef of Classification, Thia 



Order begins, as presented in Figure 1, with immediate sense data. The 
Ordeft of Classification concerns itself primarily with object to class 
identification, (A detailed elaboration of this Order will be. presented 
later in the discussion since this Order has been selected as the main 
focus of the ^udy,) .Onc_e objects or classes have been identified, 

relational statements kbout them can be made, hence the next Order, 

"delations', . . 

The Order of Relations 

The Order of Relations, as a hierarchy, begins td.th simple 
relational statements concerning attributes -and progresses upward to 
complex statements concerning relations of relations. The Order of 
Relations, as indicated by Figure 1, is dependent upon Order of Cl^«3sifi- 
cation, arid is connected to it by a line, ° This dependency illuminates 



several important criteria about the Order of Relations! The— dependency — 7Z 



indicates that relations are not concrete, they are not 'found directly 

in sense; data; they arise out of^ it. Immediate sensory experience 
does not contain ready-formed entities called "less than," "same- as," 
"equivalent to," "brighter than," etc. For any of these relational situ- 
ations to exist there must be units (i.e, , attributes , objects, classes) , 
identified prior to being related. Before a predator-prey relationship 
can be set forth, one must be capable of identifying predator and prey, 

..t.-' ■ .1 8 I 
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The brder of Relations, as indicated by Figure 1,, is a hierarchy 
of various levels of abstraction. The lower levels indicate simple 'relational 
istiiteinents, such ds A"A, a relational statement involving only one element. 

■ • ■ ■ /'■. •■ /■-. - ■ , '- : 

Thi,s statement woul4 be equivalent to saying, "I am as tall as myself, 
an obvious and simple tautological relation. However, as one progresses " 
to higher levels of abstraction in the hierarchy , relational statements 
-beeome-. more complex. For example: A=B or B>C, here more than one element., 
is being related. At still higher levels, A=B=»C, therefore A=C, the com- 



plexity increases with aii increase in elements to be related. In still 
higher levels of abstractions, complex statements of relations can be set 
forth by increasing the number of elements to be related, A=B=C=D..., 
while at the same-ttime using different varieties^if_^e]j^tional_-Stafeen^ 



^^TCsuctPas" symmetry-a^ymme tiV, transitive-intransitive ,. ref lexive-irref lexive) 
in conjunction with a number of ^elements• Relational statements at this 
level would be exceedingly complex; Once units have been classified"and/or_: 
relational statements have been set forth, it is then possible; to perform 
operations on these units and/or relations. 

The Order of Operations * ■ ^ - . . 

The Order' of Operations, by definition, includes transformations. 



-whirc h is a ~ eOfenitive pr oces s of chang ing_jme,^lng— ififto^^-aTK^ thing. 



As shown in Figure 1, it is the highest Order in the hierarchy and thus 

- ' i / ■ ■ . ' ■ > ■ ■ * 

dominates it since it isr possible to perform operations by using instances 

.. ■ ■ 1 ■ -■ ■ - / . . ■ ■ ■ V 

from the Order of Relations and/or the Order of Classification. While 

\ ■ .v .. . ' ■ ■ ■ ■ 

dor Inating the hierarchy, its existence is totally dependent upon the 

• \ . . ■ . ■ ■ '? I . ■ ■ 

subordinate Orders. To perform operation, one must have something, 

a unit or relation, to operate on. Asvwith the otijer Orders, the Order 



of Operations is a hierarchy which befeins with simpSe *oVie-st6p operations 

aad progresses upward to ever more inclusive operations of-'s^ibsiiming' * 

operations; The recognition of going from a one-dimensionai measure to 

a two-dimehsiohal measure to a three-dimensional measure would be an 

.1 

instance of simple otie-step operations to more complex,* subsuming 
» ' ' ■ . 

operations. * ^ * ^- / 



The Order of Classification, 



A detailed descriptio-^* of the Order o^CJla^sification^is . 

presented here since it w&s the object of investigation in this .studj^. 

■ ■■ - ■ . . ■ " ' . ' ' - ^ \ , \ • 

As "Stated previously , the Order oB Classificatipn is a hierarchy. con- 

sisting of broad inclusive concepts* at' the topf^r subsiimiti^ less^ i^nclusive 

■ ' ■ ■ ' . \ ' ; ■ 

^concepts at lower levels. The lowest levels df the Order of Olassifi- 

■ ■ . ' ' ■ ■ ■ ■ • • ■; 

cation are concerned with representations of immediate sensory .data at the 

attribute level, while higher levels contain class' categories,: or concepts* 

built upon attributes assimllnted in'' lox^rer level?. At sti31>higher lelrels 

are concepts ^subsuming lower-level concepts. The lowest levels of the* \ 

Order of Classification contain attribute *identi*f ication and-.recogni^ti^ 



jjfaJJLp a 1" -higher— levels are classes, or classes of classes. Figure '2 



presents a schematic view^ of the various structural features ii^ the. 

• ' ^' / ■ ' y . ^- ■ , 

Order of Classification. / ' v.'vn 

■ ^ • . ^ . •- - ' . ■ ^ ' I. \ \\ y. 

The cone has been selected to represent the hieraVcIiy because 

the notion of , greater inclusiveness can be conveniently. shb^Tn' by ' such a 

Structure. At the top of the cone are thermos t abstract cQq^epts;, siibsiiming^ 

less abstract and less inclusive concepts, and becoming even- less^incXtisive ' 

as one progresses toward the base. In Figure 2> the Order.-of Cta's^lficatiori 

■ ■ ■' " y . s /■>■■;;•■ :\ ■ 

displays six Levels of Abstraction. They . are: Attribute .-I^dentiftcation, 



-Iff 



Level VI 



Level V 



Level. IV 



Level III 



Level II 



Level I 



.1 V. 



• JJisjunctive- , . Conjunctive 

^ Degrefes of Complexity .->■ 




Sense data 



Figure 2 
Order of Classification 



Class of Recognition • 
. (Two Classes) ... 



Class of Classes |lecog-- 
j^'nition (One class) 



Class Recognition 



Object Recognitiitt 



Att r ibuteSRec ognil ion 



Attribute I<JLentificati^n 
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Attribute Recognition, Qbject Recognition, Class Recognition, dla^s of 
glasses Recognition (one class), and Class of Classes Recognition (two' 
classrf^- study, the first six levels have been selected since 

they-canbe assessed in a study of this size' and, moreover, they are 
dssential to^he acquisition of higher levelp of abstraction. An\ 
,. individual Incapable of performing^uctessfully. at ^^^^^^^^ three 
\, levels in this O-rde^- would not be expected to perform successfully at ' 
. .htgher levels. The .six levels 'will be" defined' as follows: •, ^ ' 



Level I - Attribute Identif icatlnp ° \ 

: ■ ■ . ■ ^ ■ ■ ■ \ . ■ •. 

: . / J ^ ■ : . , 

In the Order of Classifiition, Level. I provides, loci for a|tribute identii 
fication. Discr^nation of sense data begins at Level I. , At this level, . 
zhe environment is" perceived by the - individual to be Sohsisiing. of ^discrete 
Attributes '(dif^eren^ shapes, sizes, colprs. tastes, et^,):' While attri:. • 
butes are,discrii|hated'at this level they are -riot verbally labeled. As 
en example: „a child. laay be sho;^ a h'amner ajid a nail, then he may success- 
fully find these objects in a chest of tools without verbally labeling " 
either object's name or' attributes'. The child need not verbalize tha 
attributes -to successfully make the selection arid thus 'this- exa^le demon- 
strates that object and attribute identification can proceed independently 
of labeling. Since attribute identification's so fundamental t^o humari 



abstract thinking. Level I is the most basic and lowest level of 
absti-aqt^on in the Order of Classification. 
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This is thfef level where an individual JsVot only aware of dis- 
Cx inable featxires of an event, but is capable df verbally recognizing 
a discrete attribute. A child is displaying a LeVel II abstraction ,when 
he is capable oif verbally identifying all red marlbes ff^ a Jar of dif- 
ferent colored marbles. Such a discrimination indicates that he is aware 
' of differences, a-fe Level I, as discrete units in his environment and, \ 
BQoreover, can correctly assign verbal labels to these perceived charac- 
teristics/ The distinguishing feature at this level is the cognitive 
caigability of correctly matching symbolic representations to the appro- 
priate attribute(s) . 'As indicated in Figure 2,, Level II subsumes Level !• 

Level III - Object Recognition 

^ • * ■ <. - 

This refers to that level where an individual groups several specific 

attributes together and constructs an object name to^stand In place of these 

attributes. The name of the object subsumes the specific attributes which 

Trefer. to the object. It is at tihis level where clear economy of thou^^ht 

begins. An object that is classified as an» apple must be round, derived 

from. a -particular tree, of a particular dolor, cellular in structure, and 

so forth. ■ A chemist need only see a symbol Cu (cc^pe.r) to be able to call 
- ' . "■ ' . , ■ ■ ■ J > 

^ fotth a number of highly specific attributes which \are represented by it. 
• ■ ... 

Objects and evfents are categorized 6n the Basis of their attribute^ or - 

characteristic* flO]^ \Clearly, only until the lower levels are mastered 

\ cari an individual manipulate abstrac^tions at this higher level. 
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Level IV - Class Recognition 

Classes can be somewhat operationally defined as recognized 
sets of items of information grouped by virtue of their oiranon properties 
[11]. Class recognition, even more than object recognition, "reduces the 
complexity of the environment and thus represents even greater economy of 
thought [12].'? At this level, an individual can dispense with specific 
names and deal with generalized representations of specific names. The 
class," rodents, which not only refers to rats but also to squirrels,' 
chipmunks, rabbits, and beavers, provides a case in point. Abstractions 
at this level are more difficult to attain than lower-level categories 
because the amount of generality is much greater thart in these lower .levels; 
thus, more information must be synthesized to recogni;t;e |:hese higher level 
categories. In Figt^e 2, this increasing generality is portrayed by an 
expanding cone. 

Level V - Class of Classes Recof mitinn 

This level consists of classes with similar attributes. which can 

be grouped together to form a class of .classes. The term Hominoids ".. 

subsumes the lower groups of Hominids (man-like) -and Pongids (ape-like). 

The term Hominoids is more inclusive than either Hominids or Pongids sin6e • 

it includes all attributes from these two categories. Agaih, there is a ' 
.reduction of complexity of the environment by cuch abstractions, but the 
-a^u^t-.>f-^tel2,ectual capacity needed to attain this level of abstraction ' 
is 'considerable due to the ever-increasing generality of classes. 
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Level VI - Classes of Classes Recognition 

This level constitutes the highest level of abstraction to ieal**" 
with in this study. Level VI refers to extremely broad generali^^^ ^^te-' 
gories which demonstrate powerful subsmptivity. An example of suh5\)j. ^ 

tion in Level VI is presented using the same concepts as in Level V* 

.... . . . . . ■ . . J 

class Kiammal subsumes, all living animals with mammary glands and that 

among other things have a backbone and a four-chambered hestyt. Ma^^^^^ 

therefore subsume Anthropoids of Level V. The inclusivlty lof attri^U^es-^ 

to 

objects at this level is immense. Hence, a commensTirate increa.se 

- ' . • 

intellectual capacity to achieve abstractions, at this level, I^ ^''"^^e2*? 
Level VI subsumes all '^previous levels of abstractions in the Order 
Classification. 
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Degrees of Complexity ' 

, . . ^ The existence of levels of abstractions does not take ±tt^^ 
account the overlap of attributes from instance to instance in Level 
and above.."" .(Level III is the level where attributes begin to be S^^l^ped*) 
At these upper , levels of abstraction, there exists .various degree^ 
perceptual differentiation that an individual must bring to be^r 1^ ^^rdcr 
to discriminate among instances. This differentiation acuity has be^^ 
referred to as Degrees of ComplexityT ^^lHie. degree of ^complexity 
amount of perceptual, differentiation that one-must use in order to 
correctly discriminate instances of an object or. class from another 
instance of the same, object class. The degree of complexity ts re^a^^^ 
to the amount of attributes that the particular objects/elasses ho'^^ 
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common. The more shared attributes, the greater the complexity. 

i 

In Figure 2f the Degree of Complexity is indicated by the length 

I 

oi the solid lines transiting the cone. As the level of abstraction in- 

-creases- the begr^ of -Gomplexity incr^^ This_J.s. due__simply to. 

an increase in the amount of attributes available to be shared at these 
high levels of abstraction. However, from Level III ip^rd, any particular 
level may have instances! which either share one 'or many attributes. To 
•account for the sharing of attributes at any particular level, the Degree 
o£ Complexity will be defined as increasing from the left to the right at 
any level. In Figure 2 , the left sid.e of the cone, in all levels, repre- 
sents disjunctivity, or instances (objects/classes) which share only one 
attribute. For example, discriminating the object, orange, from two objects, 
an orange and a" black-colored ballpoJ ^ ? : n. Here the oi^ly clearly appre- 
hensible .attribute shared is solidnes's; therefore, the amount of perceptual 
differentiation needed to make the discrimination is slight due to the 
sharing of only one attribute. Such an instance would be located on the 
extreme left side of the cqne. 

As one progresses across a level, from the extreme left ('dis- 
junctive "side) to the extreme right (con:Tunctive side), the amount of 
shared attributes increases. Instances which share two ar more attributes 
^re referred to as conjunctive; thufe, in Figjire 2 , conjunctivity increases 
to the right. Objects/classes which share large numbers of attributes, 
'.such as Hominids and Pongids (men and apes), would be located on the far 
right side of the cone. These instances would require significantly more 
discrimination acuity than those instances located on the far left side 
of the cone. . . ' . 
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V METHOIXDLOGY 

^ • " Subjects 

The study was based on a sajmple of IU9 subjects divided ihtp five 
groups. The^sainple parameters xised for the study are displayed in Table 
Xm The mentally retaxded group, consisting of 37 subjects, was randomly 
selected from special education "classes in an urban New Jersey school 
district. The four remaining groups consisii of normal subjects' selected 
-from New York Cil^ and New Jersey schools. Two^of these four groups were 
selected from private school populations and the remaining two groups 
were selected from public schools. The two groups selected froni the New 
York City' and New Jersey public schools consist of 32 normal subjects whose 
chroijological age was equivalent to the mean mental age of the mentally 
retarded group and 33 normal subjects whose chronological age was equiva- 
lent to the mean chronological age of the<mentally retarded group. The 
two private school groups consist of ajiproximate mental age knd chrono- 
logical age equivalents. .Since I.Q. information was inaccessible in the 
New York City schools, normal subjects were considered to be any students 
reading on or near grade level. In one private school where the noz-mal 
mental age equivalent subjects were drawn, no reading scores or I.Q. infor- 
mation was available; subje^Jg* were therefore selected as average by 
'teacher evaluation of their classroom performance. Any subjects with 
Icuigurige problems or vision problems were eliminated from the study. \ 
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. Tegting Procediire ; . _ * 

All subjects were individually taught a first order hierarchy. 



; This^hierarchyi hased~on"the"*thepre'tical"model^^^^^^ . 

consisted of a series of tests representing eac]i level of abstraction in 
i the Order of Classification. As the level of abstraction increases, from 

Level I to Level VI, there is a. conmensurate increase in generality and . 

inclusiveness and thus an increase in the degree of difficulty for each 

test. ^ ' ' . 

Each test consists, of t^ ooxes.- The contents of the first "^ox 

presented to the Ss contained two examples of the instance to he taught. 

Ohce the examples have been presented, the box and its contents were 

removed and the second box was presented. "The second box contained two 



examples of the^nstance taught plus four dis tractors. The subjects we're 
asked to select examples of the instance taught to them.^ Since/ the con- 
tents of the second box were used to assesgi the S's ability to acquire the 

abstraction taught to him, no verbal , cues were given. All tests ,for the 

■ .- * ^ ■ 

six levels of abstraction in the Order /of Classification were constructed 

and presented in this manner. ' '. 

The criterion level of achievement was successful completion of the 
task within two trials. Upon successful completion of Level I, the sub- 
ject was taught Level II, in the same manner and with the same criterion 
for success. Successful conpletion for all tests occurred when the sub- 
ject 'identified both instances correctly. Unsuccessful, completion of the 
test occurred when the subject (a) failed to identify either instance 



"S^robability of a chance combination of two correct instances on 
each trial is 1/6 x1/6 = 1/36. . / 



correctly, ("b) only' identified one instance correctly, or (c) identified 
lx)th instances correctly "but placed one .or more incorrect instances in ' 
the correct group • t * 

* ■ . . fc . • • 

The presentation sequence and the success criterion continued 

.. ."^ - - ■ . ■ ' f ■ " . . 

xiiitil the Level VI test terminated the testing sequence. 

If* a subject failed to achieve a particular level within two 
'triadLsi the testing sequence was still continued to the highest level. 
By testing to the highest level, it was possihle to detect whether suh- 
■ Jects can, "by some cognit5,ve process that was . not predicted in the ration 
ale of this study, go to a higher: level ai*ter failing a lower one^ It is 
atnticipated that, if the hierarchy is properly organized, most subjects 
will not "b^ abieT to..,achieye a higher level after failing a lower one. 

The six levels tested in the Order .of Classification were: Level 
1, Attribute Identification; Level II,' Attrihute Recognition; Level III, 
Object Recognition;^ Level ivi Class Recognition; Level V,'ciass_of 
Classes Recognition^ subsuming one class; Tievel VJ, Class of Classes 
Recognition, subaumJ^g two classes. In Level I, two objects, galena and 
pyrite, were presented to the subjects. The Ss were asked to identify . 
these two instances from a cluster of six similar but non-identical 
objects. The identification was bSsed on the attributes of the objects 
and the selection required no verbalization. At Level II, two attributes 
of each of the two objects were described for tjie subject (i.e., color 
and luster ). When subjects received the Level II test box they were 
expected to select from its contents the appropriate instances and ver- 
bally identify the attributes taught to them. In Level III, the specific 

i " • 1 

name of the objects was stated, for example, galena and pyrite. 'Again . 



^The terms iron and lead were used in the study. 



I ■ ■ . • - , ' - 20 - 

the subjects were expected to select and state the appropriate instance. 
In Level IV, two classes of objects were presented, metallic and non- 
metallic • A separate test was giv^n for each class. In Level V, two 
more-inclusive classes were pre'sented, mineral^ ^Mch_sub^^^ 
and non-metallic and life products. In Level VI , minerals and Iffe 
products were subsumed by the cone ep,t. Natural phenomena . Figure3 . dis- 
plays how the six test categories ar^ hierarchically arranged according 
to levels of abstraction. - 



Data Analysis 

'/I. 

A record for each student was kept' showing the maximum level , of 
abstraction achieved and tile number ,of trials- taken to reach criterion 
at eaph ievel._^A^suinjnq,ry grai)h for each of the five groups was con- 
structed. The ordinate of this graph represents the cumulative number 
of trials to criterion for all subjects. The abscissa represents the 
levels Of abstraction achieved; thus , a cumulative record of trials to' 
criterion was obtained. The mean level achieved for each group was sta- 
tistically analyzed. A one-way analysis of variaiice was 'used to deter- 
mines.iJ^there was a statistically significant difference among the means 
of the groiops^ A confidence level of p<_.05 was used. The average levels 
achieved for each group were compared by using the.Scheff^ contrast 
formula (p£.05): andHheir relationships set forth as presented in the 



results section. 
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Results • \^ 

» Average Level Achieved, 



The maximum level that „a_aubj.ecL-cpuld^chie^ 
level in the/abstraction^hierarchy . To reach Level 6, the subject had to 

^ :./ X. • . . ' ■ .. . . . , 

pass:^eight subtests which comprise the Order of Classification Natural 
Things Teist. The average test score and the average. level achieved for 
each group was. computed and is^ set forth in Table' 2, As i observed in this 
table. Group 1, mentally retarded Ss, achieved the lowest level^.96, of 

all groups. Group 2,\he mental age equivalents of Group 1, achieved the 

■ ' \. J, ■ ' ■ . ■ ■ ^' . . ^. 

next to the lowfest level, 3.75, among all groups. The remaining Groups 

3, 4,. and 5 achieved consistently higher levels than either Group 1 or 

Group 2. Group 3, the chronological age equivalents to GrouJ^^ 1^ while 

achieving substantially higher than Groups 1 and 2, achieved slightly less 

"... / ; ■■ . ■"■ ^ 

than, Group 4 and Group 5. poweyer, the difference is not significant and 

could be attributed to the fact that Groups 4 arid 5 coml" from a New York 

■ ■ ■• ■ .-^ ■ '■■ ' ' ■ ■ ' J. 

City private school population and thus constitute a socially and econom- 
ically advantaged 'group compared to subjects from the public school. ^ 

For. the average highest test score per group (i*e., the. highest 
test passed). Group 1 again scored lowest of all groups, with Groiip 2 
again being next to the lowest. Groups 4 and 5 once again^^cored very 
high, in both cases almost reaching the highest possible criterion score. y 



Analysis of Variance of Average Level Achiisved 

* "... * • ' ■ 'v ■ . . 

A one-way analysis of variance of the average level achieved among 

all groups was cpmp.uted (p<.05). The. results of the ANOVA, given in 

Table 3, show there is a significarit-^di^ffer"ence:^s^ p<.05. 



Table 2 . % . 

0 

Average Level Achieved Per Group 





Average Level' 
Achieved 


SD 


Average Test 
Store Achieved 


SD 


- N 


Group 1 


2.96 


1.05 


3.78, " 


1.51 


37 


Group 2, 


3.75 

0 ■ 


i.bi 




1.51 


32 


Group 3 


\ 

5.06 


1.2k 


. T-03 - 


--1.U8 


33 


Group k 


. ' 5.67 


.8U. 


T-50 




18 


Group 5 


5.62 


.77 


7.65 


.'72 


29 










1 


IU9 



Group 1 = Mentally retarded . ^ . ^ 

Group 2 - Mental age ecjuivalent of average scholastic ahility 

(Puhlic school) . ^ 

Group 3 = Chronological age equivalent '(Public school) " 
Group = "Mental age equivalent of average, scholastic ability " 

(Private school) 
Group 5 = Chronological age equivalent (Private school) 



" Table 3 

Analysis 6t Yax±aij£z^^ Level Achieved for All Groups' 





Sum of Squares 


, .i, Degrees of Freedoia 


Mean Squaxe 


Between 


178.01*61 - 




44 .5115 


Within 


„ 150.5983 




1.0458 


Total 


328.61*44 

> 


148' , . 






F-^ 42.5613 


F(4,l44),a=.05=2.44 





Table \ ' . 

Results of Scheff^. Contrast Among Sant^le Means . 

■■■ P<.05 -. ■ /' . ■ 

■ ■ ' \ ' ' J ' — ' — * — — — ■ . i h . . 

Contrast. Groups . Upper Limit Lover fiimit 



1 - 2 . 




- .03284 ■ 


♦ 

-1.57535 


1-3 




«1.3497 : 


-2.8796, 


1-4' 


. r 


-1.8026 <- ' . 


-3.6389^ 


1 - 5 

.. 2 - 4 , 




-1.8824 

- .9754 \ 

1 . " \ 


■ -3.4671 

A . 
-2 .'8579 .^ V 



\ 



*7 



Groups 2, 3, 4, and 5 were/contrasted ;>Eith (Group 1 and Group 2 with 



Group 4, -^using the. Scheffe* formul;^ (p«.05) . The results are. given in 
Table 4. Gtoup I's perfprmahce was significantly different (p<.05) for 
all contrasts. The sigaificant^'aifference\ between Group 1 and Group^^ 
is particularly interesting in-^l-ightl-X^i^th both samples are 

draxm from urban public schools, and are equivalent in mental age. The) 
significant difference betweeir Group 2^ .and Group 4 i,s also noteworthy 
in that both- groups are ost^ibly mental, age equivalents coming from 
different school population,.fthe forme/ urban and public and the latter 



urban and private^ 



.'^ Average^ Cumulative Tri,al3^ to Criterion , :/ 

■ • - % . ... ^ ' " • ^ ' 

The six level Natural Things Test isi'jCompos:^* of eight isubtests. 

-The-* minimum number of cumulative trials 'to vree^ Level 6 is eight (wheA 
criterion is achieved in on'4\ trial for ea'ch: of . the eight subtests) and^ 
the maximum nuinber is sixteen (two trials requir^^d^to reach cr^^^^ 
each subtest) ; i-Since/^ll eight tests were adniiiilstered. .to each subject, 
the average cumiilative. number of trials taken i))^^ each .group for all^eight 
tests ptovides evidence as to the amount of difficulty .each group .was 
experiencing with the Natural Things. Test. ^: ; The. aver age cumulatsive trials 

- for. alA- eight tests was t^abulated and is .spt forth in Table 5. .-It was . 
expected that Group 1 , the mentally retarded gtoup, would experience the 
greatest cognitiy^' strain, especially , on tlje upper levels (4, 5, and 6) 
on the Natural Things Test' Evidence' of cognitive? strain for this group 



^Since no I.Q. data were available for Group need. not be 

assumed these Ss .were of equal M.A. These Ss ^were r^^^Jrted by their 
teacher to be achieving at grade level oj^ slightly below it as compared 
tb<»thfeir peers.;in. the same class. This is the extent of our knowledges 
abput. schblastic ability for this group. , 



* Table 5 

Average Cdmulativis Trials to Criteriqn Per. Group 



Level 


Test 


\ Group 1 • 


Group 2 


Group 3 


Group 5 


Group 5 


I 


' ■ .1 


1.30 


1.13 


1.09 


1.22 


1.03 


n 


2 


2.60 


2.25 


2.2U 

r 


2.27 


2.1U 


III' 


i . 3 


U.OO 


3.35 


3.33 


3.33 


,3.2U 




' \ ' 


5.39 


U.81 . 


U.5U 


U.55 




IV j 


■ ; 5 


7.35 


, 6.56 


6.2U 


- 5.9U • 


5.97 




6 


9.2U 


8.38 


7.81 


7.16 


7.31 


' V 


7 


' ll.lU 


■1 

10.21 


9.18 


8.77 


8.U1 


VI 


8 


13.03 


'12.06 


10.72 ' 


10.00 


10.03 






N=37.- 


N=32 


N=33 


' N=l8. 


N=29 . 



Group. 1 = Mentally retarded ' 

Group 2-f Mental age equivalent .(^^'t^li^ School) - 
Group 3 = Chronological "Sge equivalent (Public School) 
Group \ - Mental age equivalent (Private Schoo^) 
Group -5 = Chronological age Equivalent (Private School 



erJc 



27 



is ^ greater number of trials a t all levels when compared to tlie remai ning 

groups. Group 2, the mental age equivalents of Group I, also "appear to -be 
experiencing difficulty with tl]ie test, especially Levels 4, 5, and 6. 
/Groups 3, 4, and 5 progress through the lower levels without much difficulty, 
but as can be seen in Table 5, Levels 5 and 6 apparently were difficult .for 
some subjects in these ' groups . The, data displayed in Table 5; while providing 
evidence of the amount of difficulty Ss experience with the "Natural Things Test 
do Tiot directly support the validity of -the hierarchy • If the hierarchy in 
the Natural Things Test is valid, Ss failing low-level tests should continue 
to fail upper-level tests. In Figure 4 a graph has been constructed showing 
the\ average cumulative tfials to criterion for each group and th%'number of 
subjects who successfully completed each level but failed higher levels, 

^ 

Group 1 is taken as an example, at Level 3, 30 Ss (N=37) achieved that level 
but failed the higher levels. However, progressing to Level 4, the next 
highest level, all but three Ss have failed , to achieve this level and the 
subsequent two higher levels. Of the 37 Ss in Group 1 taking the Natural 
Things Test, only two succeeded in achieving all six levels. Failure at a . 
low level and then subsequent failure on higher levels, as demonstrated by 
Group 1, provides further evidence for the validity of the subsumptive 
organization of the Order of Classification as presented in Figure 2 - and 
the hierarchical test of Natural Things. 
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Discussion \ 

\ • . ■ . 

.When tlie average level of abstraction achieved by Group 1 Is 

■ . '■■ ' I . " 

compared to. Group 2 (equivalent mental age normals), a significant differ- 

ence, p<.05, was observed.' Group 2 attained ^an average level of 3.75 v*iich 

approxlmates^the first clasfi^^^W the Order of Classiflcati^^^ 

The average iest score fbr-^G^up 2 Is also higher (4.96). Although one 

..might expect to find similar if not iaentlcal performance by mentally 

retarded subjects and their equal mental age normal counterparts, this ' 



study showed that the equal mental age normal subjects performed better on 

the test of natural things (p<.05) . Such a significant difference in level 

achieved between these two groups suggests that the mentally retarded 

' ■ ■ . . ■ \ ' ' , ^' . 

individuals are no c merely retarded in mental development,, but exhibit 

different cognitive, processesthan;, the normal mental 'age equivalents. Wli^n 

the level achieved by Group 1 is compared to that of the remaining Groups 3, 

4, and 5, further evidence of the low ability of Group 1 is observed. Of. 

special interest in Groups 3, 4, and\5 ,is the performance of Group 4. This 

group achieved an almost perfect score, 5.67. 

^ What is of interest here is that this group, while purportedly a 

" ' ■ ■ 1 \ ■ ' ' 

normal mental age equivalent group drawn from an advantaged sociocultural- 



economic population, achieved the hi 



this sample was drawn did not provid-i I,Q. data and therefore_j^cannot 



5hest 'score. The school from which 



.]^^/^l^ilitely--St^ted-th^t ttiese"subj(icts ^are precise mental age equivalents 

•" / ' . \ ■ - ■ , . 



ytfa" the mentally retarded subjects. 



Therefore, the difference in performance 



At this level and all subsequent levels the number of attributes to 
be dealt with for each instance increases g;reatly; therefore, to simplify 
the task, verbal '-•les along with concrete exemplars of the. instances were 
presented. This thod of assigning i^lass names consicjerabl}^ simplifies 
the task for "the Ss as reported in previous concept Acquisition studies \ |l3, 14 
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between the mentally retarded subjects and these "equal" mental age normals 

may be attributed to cultural advantages. If this is the case, a significant 
.pbseryation- is raised about the role of early, pre-school experience in 

determining performance on abstract learning tasks/ Indeed, many students 
-who are determined to be mentally retarded may be merely socially disad- 

vantaged due to lack of educational opportunities during early childhood. • 

* • - 

Such an observation lends further credence to enriched learning experiences 
in the early preschool years for otherwise culturally deprived urban children. 

It is worth noting that Vhile Groups- 3, 4, and 5 all were capable of 
achieving high levels, no group had a perfect score. This indicates that at . 
Level 6, th^ highest level, all groups were exhibiting some difficulty. Since 
the test was^..carefu).ly constructed so that each subtest represents the pre- 
scribed characteristics as presented in the Order of Classification hierarchy, 
validity of the test would be supported if Ss failing lower levels also failed 
higher levels and Ss passing lower levels' exhibited increasing d'iff iculty ' in 
reaching criterion on upper levels. Clfearly, the validity of the test is 
supported in both these areas by (1) the low achievement in Group 1 and their 
successive failure on upper levels and (2) the dif f ijculty_^xhibi4:ed-by-6roups^ 
i,--4^-and'^~'ifr'achieving criterion at the upper levels of the test. 

By observing the average cumulative trials to criterion for each 
group it is possible to observe the amount of cognitive strain each group 
experienced with the Natural Things Test. Since the Natural Things Test 
is organized in increasing dif f iculty it was expected that as Ss reach 
the upper levels they would require more trials to criterion^ than experi- 
enced at lower levels. This difficulty can be detected to a ^large degree 
by the average cumulative number of trials each group exhibited for each level 
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(arid hence its corresponding test) , and the total cumulative trials to. 
criterion for the , total test .- Even though- most-subjects in Group 1 
failed at or near the third level in the hierarchy, they were nonethe- 
less presented the higher level tests to determine their performance 
capacity and their cxamulatlve trials to criterion. Since they con- 
sistently failed these upper-level tests each subject accumulated two 
trials at each level. Therefore, their cumulative trials to criterion 
score were, quite high coif.pared to the remaining groups where performance xcos 
not so debilitated. These data once again exhibit the cognitive strain 
endured by the mentally retarded subjects in performing higher abstraction 
tasks. Particular attention is once again directed^ to a comparison 
between Groups 1 and 2. Clearly, ' Group 2 performed better than Group 1 
with respect to trials to criterion, thus further indicating greater 
facility in performing the task by the equal mental age normal subjects 
and hence suggesting they are operating in a different cognitive mode 
than the mentally retarded subjects. 

— ^ RetesT 

Five weeks after the initial testing, ten subjects from Groujf 1 ' 
were selected for retesting based on prior test performance to yield a 
representative group of individuals who varied in level achieved; The . 
retesting accomplished two objectives^ (1) it provided evidence of 
reliability and (2) served as an attempt to determine the cognitive 
strategy the Ss used by having the Ss verbalize their reasons for select- 
ing items in the testi The criterion for test reliability used here wais 
that retest performance be identical to or slightly below original test 
performance and that Ss failing at low levels of the test exhibit failure 

' • '32 . 
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on all successively higher level tests in the hierarchy. With respect to 
retest reliability for these ten Ss, six Ss achieved the exact same level; 
two Ss actually dropped from Level .3 to Level 2; two Ss achieved higher 
levels^ 6rie going from Level 5 to Level 6, the other going from Level 1 
to Level .2. With one exception — a S going from Level 5 to Lev^l 6 — / 
all retested Ss who failed at low levels continued to fail at the upper 
levels. The test is considered reliable since all but two Ss scored at or 
below their original performance and all but one exhibited consistently 
low-level performance. 

With respect to the retest group's ability to verbalize, only one 
subject was capable of setting forth reasons for selecting items in the 
test. (This subject also achieved the highest level on the test and 

retest.) Since the mentally retarded are widely recognized as being 

'. * 

unable to verbalize about their cognitive behavior ,* such results are 

not unusual. \ ■-^-^ >^ , - 



-In-coixclus^:orfirif the assiudption of the hierarchical organization 



of abstraction was correct, then subjects who fail to achieve a lower 
level in the test of natural things should also fail successive higher 
levels. Among all groups tested, 82.6 percent of the subjects met this 
criterion.^ The remaining subjects exhibited varying degrees of success 
on higher-level categories after failing a lowe'r one, but there was no 
•clear pattern of outstanding performance on the very top levels of the 



Among all groups tested, only 17.4 "percent did not meet this cri- 
terion. Some of this anomalous behavior could be due to differences in 
. perceptual set for subjects vis-a-vis the instructional presentation and 
therefore they did not categorize as predicted in some tests. In particu- 
lar, since the higher levels are more complex, these anomalous Ss may have 
been attending to oth^r than the specific attributes according to the 
particular mental set brought to the task. 
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— test sequence af£eT failing a lower level/ Therefore, substantial 

I 

evidence has been obtaitied to support the assumption that the hierarchical. 

model of abstraction is valid as a. predictor of human performance.^ One 

must recognize, however, that the test used is a mediating mechanism in 

*> . . . *■ ", 

arriving at this conclusion.; a different form of the test (insofar as it 

' has face validity) might yield different results. Since, the test was 
carefully constructed torepresent each of the levels of the hierarchy, 
as prescribed in the general model, it can be concluded with fair con- 
fidence that this admittedly limited tes^ of the hierarchy has yielded 
strong support for the model. 

These results support previous studies which allude to the strong 
dependence of the mentally retarded child on concrete cues [ 15,16,173 and 
suggest that the mentally retarded may be. inca^jable of organizing 
information into conceptual hierarchl£al_arr^_^^ - 
results support the hierarchical model of abstraction and, in particular, 
the validity of the classification test. * 
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